Abstract
Breast cancer is the most frequent neoplasm in women, and some studies have shown social inequalities in incidence and survival, which are poorly investigated in Brazil. To assess iniquity in prognosis, a hospital-based cohort study was carried out. Follow-up 
Introduction
Breast cancer is the most frequently diagnosed neoplasm, and the main cause of cancer deaths among women, in both developed and developing countries, and is the second most common type of cancer worldwide 1 .
In Brazil, it is also the most common malignant neoplasm among women 2 , and the main cause of cancer death in the female population in 2012 (Departamento de Informática do SUS. Informações de saúde: estatísticas vitais. http:// tabnet.datasus.gov.br/cgi/tabcgi.exe?sim/cnv/ obt10uf.def, accessed on 29/Jun/2015). Despite the trend for stabilization of breast cancer mortality in Brazil since 1994, there are considerable differences in mortality rates from this disease when the analysis is made for each of the country's regions or states, with a decrease or stabilization of the rates in regions with higher socioeconomic level, and significant increase in regions with a low socioeconomic level 3 .
A number of factors have been associated with the prognosis for breast cancer patients, making possible the establishment of specific criteria for the therapeutic approach. These factors include staging 4, 5 , size of the tumor, and the status of the axillary lymph nodes 6, 7, 8 , in addition to individual characteristics, such as age at diagnosis 9 and race 5 . Even though advancements and modifications in the therapeutic approach are associated with improved survival 10, 11 , delays in beginning treatment may compromise it 12, 13 . Other survival-related factors include the characteristics of the health services 14 , having a private health plan/insurance 14, 15 , and the socioeconomic status of the patients. The socioeconomic status of the patients is a variable still little used in Brazil, but it has shown to be an important determinant of breast cancer survival in studies carried out in other countries, and may be identified with the use of individual measures, such as income and school education, contextual measures of the area of residence, or by proxy variables, such as having a private health plan/ insurance and using the public or the private health care system 16 .
Differences in survival with the disease were observed in regions with similar health care practices in terms of clinical protocols in oncology, with the worse survival being related to low diagnostic investigation markers (assessment of tumor proliferation and hormonal receptor status, and number of isolated lymph nodes), which may signify late diagnosis or improper classification of the tumor, leading to delayed, improper or lack of treatment 17 .
The aim of this study was to assess socioeconomic iniquities in the survival of women with invasive breast cancer seen in public and private health care services of oncology care centers, and who lived within a regional health catchment area in the state of Minas Gerais, Brazil.
Materials and methods

Study population
A hospital-based cohort with 437 women with invasive breast cancer diagnosed between 1998 and 2000 that underwent surgery. All the subjects of this study received care (surgery and/ or adjuvant therapy: chemotherapy, or radiation therapy, or hormone therapy) in the city of Juiz de Fora, Minas Gerais, and lived within the Juiz de Fora regional health catchment area. The patients were followed-up until five years after the date of diagnosis of the last patient included in the study. Detailed follow-up and information collection methodology are published in Guerra et al. 8 .
We have identified 868 cases of diagnosed female breast cancer in the area under investigation, in the period established for the study. Cases of carcinoma in situ (n = 13), cases submitted to surgical intervention for diagnostic purposes (biopsies and nodulectomies with no axillary dissection -n = 91) and to hygienic mastectomy (n = 11), cases in which the type of surgical approach could not be identified (n = 8), and cases of nonresidents in the regional health catchment area of the city of Juiz de Fora (n = 308) were excluded from the analysis. Therefore, the study population included 437 patients. To assess the multiple prognostic factors with Cox models, 23 patients with incomplete data for two of the variables investigated (skin color: n = 14; staging: n = 9) were also excluded from the sample, so that the models could be compared. Thus, 414 women were included in the models.
Conceptual model and collected variables
For the survival analysis, a hierarchical conceptual model was used (Figure 1) , with the exposure variables divided as follows: (a) distal social determinants -race/skin color and nature of the health care service, which are considered a proxy of the socioeconomic status; (b) intermediate social determinants (health care service quality indicators) -delay of more than 60 days for the beginning of treatment, number of lymph nodes examined, hormonal receptor dosage; (c) biological factors -age, tumor stag- ing, histologic type of the tumor, menopausal status; (d) therapeutic interventions -type of surgery, chemotherapy, radiation therapy, hormone therapy.
To investigate health iniquity, the independent (exposure) variables used were the nature of the health care service (public or private), and race/skin color (white or non-white). In the hierarchical conceptual model adopted by this article, these are the distal social determinants of prognosis. Their effects may or may not be influenced by intermediate determinants related to the quality of the health care services the patients had access to, biological factors and therapeutic interventions.
For the characterization of some variables, the following criteria were adopted: number of lymph nodes examined, which is considered a quality marker of the diagnostic investigation at the time the diagnosis was made, and categorized into < 10 and ≥ 10 18 ; menopausal status, indicated by age ≤ 50 or > 50 years, the cutoff point validated as the marker of this condition 9 .
Data analysis
For the survival analysis, the date of diagnosis (date of the histologic pathology report) was considered the beginning of the survival time. Deaths (date of death) that occurred until the end of the study follow-up, due to breast cancer or as a consequence of treatment, were considered as failures. Women who remained alive until the final follow-up date were censored at this date, and the cases confirmed as lost to follow-up were censored at the date of the last follow-up recorded. Patients who died due to causes unrelated to breast cancer or its treatment were censored at the date of death. For each patient, the maximum time of follow-up considered in the study was five years.
The differences observed in the distribution of variables related to the nature of the health care service were calculated with the chi-square test (or Fisher's exact test when indicated), and those with a p-value ≤ 0.05 were considered statistically significant.
Cox proportional hazard regression model was adjusted to evaluate prognostic factors, with the calculation of the hazard ratios (HR) and their corresponding 95% confidence interval (95%CI). The modeling used time as counting process formulation 19 . The variables included in the intermediate social determinants, biological factors and therapeutic interventions were used only to estimate adjusted association measures for the social variables, allowing their direct and indirect effects to be distinguished. The effect of the distal social determinants affected by the other groups of variables was estimated by calculating the percentage reduction of the distal social determinants measure of association 20 .
Initially, simple models for each exposure variables were made, estimating crude association measures. In the case of therapeutic interventions, in addition to simple models, age-and staging-adjusted models were also made, because these variables are considered for the selection of individual therapies. Next, three multiple models were assessed, with the addition of the variables of the groups of determinants. All distal social determinants were included in multiple model 1. In multiple model 2, in addition to the significant distal social variables of model 1 (p < 0.05 in the Wald test), biological factors that reached p < 0.20 in the simple models were included. Finally, in multiple model 3, social determinants and biological factors that were significant in the previous model (p < 0.05) were included, with the addition of therapeutic interventions with p < 0.20 in the simple models or in the age-and staging-adjusted models. Even though the variable age was not significant in the simple model (p > 0.20), it was included in all multiple models for the calculation of ageadjusted effect measures.
The Cox model assumptions were initially assessed with the use of Kaplan-Meier charts, stratified by the variables and by analysis of the Schoenfeld residuals, deviance, and Martingale score 19 .
Data was entered in the Epi Info 2002 software (Centers for Disease Control and Prevention, Atlanta, USA), and descriptive and survival analysis in software R version 3.0.1 (The R Foundation for Statistical Computing, Vienna, Austria; http://www.r-project.org), with the use of the survival library.
The present study was approved by the Ethics Research Committee (CEP) of the Social Medicine Institute, Rio de Janeiro State University (IMS/UERJ) on July 24, 2003, and later by the CEP of the Federal University of Juiz de Fora (UFJF; submission registration n. 1436.127.2008). Table 1 presents the distribution of individuals for each study variable, stratified according to the nature of the health service (public vs. private), which is the main variable of interest as it serves as a proxy of socioeconomic status .
Results
Preliminary analyses
Among the 437 women investigated, most of them lived in the city of Juiz de Fora (86% seen in private health services, and 79% in public health services), and were Caucasian (85% in private health services and 73% in public health services). Sixty-five percent (65%) of the women were seen in public health services, with no statistically significant differences regarding the city of residence, and with a higher proportion of nonwhite/non-Caucasian women seen at public health services (26% vs. 15%; p = 0.007).
For quality-related variables of health care services, only 6% of the women had the commencement of their treatment delayed more than 60 days, and almost all of them were seen in public health services (8% vs. 2%; p = 0.007). Most of the women had more than 10 lymph nodes examined, with no significant differences between public and private health services (84% vs. 82%; p = 0.610); however, less than half of the women were tested for hormone receptor, with the worse scenario in public health services (39% vs. 65%; p < 0.001). Notwithstanding, hormone therapy was given to 65% of women in public health services, and 70% in private health services (p = 0.346). Chemotherapy was indicated for 65% of the women in public health services, and 69% in private health services, also with no significant differences (p = 0.419). On the other hand, a higher proportion of women in public health services underwent radical surgery (70% vs. 59%; p = 0.022) and radiation therapy (83% vs. 73%; p = 0.009).
In terms of biological characteristics, 72% of women seen at public health sector and 61% of women seen in private health sector were in the age group 40 to 69 years (p = 0.057). A higher proportion of women diagnosed with the disease in stage III or IV were seen in public health services (37% vs. 26%; p < 0.001). Sixty-two percent (62%) of women seen in public health services and 68% of those seen at private health sector were postmenopausal (p = 0.212), and the most common histologic type was the ductal carcinoma, with no differences between public and private health services (82% vs. 86%; p = 0.255).
Death due to breast cancer was more frequent in women who went to public health sector (23% vs. 14%; p = 0.028), but there was no difference between public and private services in terms of recurrence (12% vs. 9%; p = 0,375), even though this analysis was performed with no consideration to censoring. Table 2 presents the results of simple Cox models, and Table 3 shows the results of multiple Cox models, with the measures of association (HR) and the 95%CI. ** The sum is lower due to lack of data on race/skin color: 4 in private health care services and 10 in public health care services; *** The sum is lower due to lack of data on disease stage: 4 in private health care services and 4 in public health care services. Among the social variables, only race/skin color, and nature of the health care service were selected for the multiple models. In model 1, with only the distal social determinants, the nature of the service was only significantly associated with survival (HR = 1.80; 95%CI: 1.10-2.94). The addition of the biological variables in model 2 caused a 45% decrease in its HR, due, mainly, to the variable staging of the disease, as it was the only variable significantly associated with survival in this model. In model 3, the inclusion of the variable therapeutic interventions practically did not change the HR of the variable nature of the health service.
Cox models
In the survival curves stratified by the covariables, the risk seems to be proportional throughout the time of follow-up. In the analysis of Schoenfeld residuals, the global linear correlation tests and the correlation tests of each variable of the multiple models were not significant, indicating that the risks were proportional. The charts of these residuals over time also did not show violation of the proportional hazard assumption. Few outlier values were observed in the analysis of the final model residuals, as some women had less survival time than expected by the model, but none influenced the model's estimation.
Discussion
In this study, breast-cancer specific survival in five years was 76.3% (95%CI: 71.9-81.0), and prognosis was worse for women seen in public health services compared to those who received care in private services (HR = 1.80; 95%CI: 1.10-2.94). The main determinant of this relation was the staging of the disease, whereas therapeutic interventions did not have an intervening role. After adjustment for staging, there was no significant association between the nature of the health service and survival; therefore, there was no significant direct effect. Women seen at the public health care services were more often nonwhites, and had their disease diagnosed at more advanced stages.
Care provided by private health care services was considered a proxy of individual socioeconomic status, as, in Brazil, the use of private care services and private health plans/insurance are associated with the number of one's assets, school education and having a formal job 21 . Studies in the United States have shown shorter survival time of women who use Medicaid (public health system for people under the poverty line), compared to those who have private health insurance 15, 22 . Studies conducted in Brazil and other Latin American countries found a positive association between socioeconomic status of the patient and breast cancer survival 6, 23, 24 . In the USA, this association was also evidenced in both cohort studies 25, 26 and clinical trials 27 . Major studies conducted in European countries, some with national registries of the entire population, have also shown better prognosis for breast cancer in women with higher socioeconomic status 28, 29, 30 . Finally, such association is also found in countries with lower development levels 31, 32, 33 . In some of these studies, the association between socioeconomic status and survival disappeared after staging adjustment, while in other it remained significant, with some reduction in the measure of association, which shows that the staging of the disease is the main variable in this relation. In addition to staging, a number of studies identified, as influencing factors of the relation between socioeconomic status and survival, the access to health services for screening, diagnosis and treatment, and, in a smaller proportion, the histologic type and grade, biomarkers such as hormone receptors, and the overall health status of the patient in relation to the presence of morbid conditions 16 . The social status of the area of residence is also identified, with its effect mediated mainly by the patient having or not having private health insurance 22 . In most studies carried out in the United States, socioeconomic status and race/skin color had independent effects in breast cancer survival 34 .
Characteristics related to health services, like the number of patients treated with chemotherapy over a given period of time, the type of facility (High-Complexity Center for Oncology -CACON vs. standalone clinics), and the nature of the facility (public, private or non-for-profit) can also influence breast cancer survival. Among the health care facilities accredited by the Brazilian Unified National Health System (SUS) in Rio de Janeiro to provide cancer treatment, between the years of 1999 and 2002 a lower risk of death due to the disease was observed in women seen in reference centers that provided a higher volume of care, and in women whose health services were covered by a private health plan 14 .
It has been determined that women with breast cancer who do not have a private health plan are diagnosed at a later stage of the disease and die earlier, compared to women with the disease who have such plans 14, 15 . Therefore, one sees that the potential reasons for such discrepancies include factors that relate to late diagnosis and quality of treatment.
In the past, the number of dissected lymph nodes was also associated with breast cancer survival and is a good marker of the diagnostic investigation, as it is more likely to identify micrometastatic disease leading to an indication for adjuvant therapy 35 .
The identification of social determinants in the prognosis of chronic diseases tend to be hampered in the studies by improper setting of regression models due to the lack of a previous conceptual model, and by not respecting the factors hierarchy or causative pathways 36 . Therefore, all exposure variables are simultaneously addressed in the analysis, and biological or therapeutic variables are used for the control of confounders whereas, in fact, they could mediate the relation between the more distal determinants and prognosis. Over the past few years, more and more studies start off from the previous conceptual model and develop hierarchical analysis models in their investigation about this and other health problems, thus taking into account not only the possibility of confounding, but also of mediation 26 .
The race/skin color variable was not significantly associated with survival, partially because it is difficult to accurately characterize this variable, due to the significant racial diversity of Brazil, and from the subjective and visual characterization of this variable by more than one examiner in different health facilities, which might have led to misclassification. Even though race/ skin color is not a valid category as a biologic concept for humans, it is still an important social concept due to the existence of health iniquities related to this variable to date 37 . Survival studies conducted in Brazil have had inconsistent results about the race/skin color and breast cancer survival relation. This association was not found in a hospital-based cohort in São Paulo with 430 women diagnosed in 1999/2000 38 ; on the other hand, a study made with 30,293 women with breast cancer diagnosed between 2003 and 2008, and identified in a population-based cancer registry in the city of São Paulo showed significant association between black race/ethnicity and shorter survival 39 ; another historic cohort study conducted in Florianópolis with 1,002 women diagnosed between 2000 and 2002 showed an association between Caucasian race/white skin color and longer survival which remained after school-education adjustment, but not after staging adjustment 23 . Many studies conducted in the USA also showed an association between race/skin color and better prognosis, a number of them even after being adjusted for socioeconomic status and staging 34, 40, 41, 42 . In Europe, studies that consider socioeconomic status are more frequent than those that investigate race/ skin color as determinants of diseases, but Jack et al. 43 found shorter survival in black women, even after adjustment for other medical and social variables.
The number of examined lymph nodes, with more than 80% presenting the expected values, and with no differences between public and private services, shows similar quality in the care delivered in both sectors at the time, which was good. This variable was not associated with prognosis in this study population. Its importance lies in the fact that an incomplete diagnostic inves-tigation makes early diagnosis and the proper characterization of the seriousness of the disease more difficult, which may hamper the indication of adjuvant therapy and therefore affecting survival with the disease 17, 35 . Mention should be made that the use of the number of dissected nodes as a marker of diagnostic investigation was adequate for the study population, as the sentinel lymph node technique had not been adopted in that region in the period the cases were recruited, which can be ascertained from the medical records.
Even though in the public sector the proportion of women who were not tested for hormone receptors was significantly higher, this did not affect the prognosis of these patients, probably because the indication of hormone therapy was high in both groups, without being related to the hormone receptor test result. A study published in 2005 found better prognosis for women who underwent hormone therapy 10 .
Despite the fact that women seen at public services have more often been submitted to radical surgery and radiation therapy, this might be due to the fact that their proportion of being diagnosed at a more advanced stage was higher. In our study, radiation therapy was not significantly associated with prognosis, and was indicated for almost 80% of the patients. Studies, however, have shown that lack of radiation therapy is associated with shortened survival with the disease 11 .
In the public services, the proportion of delays in commencing treatment was higher, but this was not associated with worse prognosis because the number of cases was relatively small (3 patients in private services and 24 in public services). Studies have shown that delays in the commencement of treatment may lead to shorter survival with the disease 12, 13 .
Conclusion
In this study, the socioeconomic status of the patient, which is related to the nature of the services used, whether public or private, was significantly associated with breast cancer survival, and the main variable that influenced this relation was the staging of the disease. The worse prognosis for women seen in public services is related to diagnosis being made at a more advanced stage of the disease, probably with more cases being identified clinically than by screening. These findings point to the existence of social inequalities and discrepancies in the primary and secondary breast cancer prevention in the area under investigation, with higher probability of patients who use the public health service, the higher proportion of the population, to be worse off. These results are similar throughout Brazil regarding breast cancer prevention and management 44 .
The results presented here reinforce the importance of working with information provided by health care services, which, despite limitations typical of secondary data, expand the knowledge about disease management practices by identifying the main problems to be tackled. Of note is the innovative methodological approach this investigation used. As far as we know, the social determinants of breast cancer survival have not yet been the main focus of survival analysis in Brazilian cohorts.
Finally, it should be mentioned that the services network of the SUS, which is in charge of care provision to a high proportion of the population, needs to be more resolutive, and overcome the hurdles that bar a number of women with breast cancer from benefitting of the therapeutic advances currently available. The challenges are tremendous, and demand a great effort of health officials, practitioners of the different levels of care, and the organized society in the development and management of a cancer control policy that ensures equity of access to information, screening, diagnosis and treatment. 
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